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I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) -
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as
originally filed in connection with the patent application identified therein.

I also certify that the application is now proceeding in the name as identified herein.

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named
in this certificate and any accompanying documents has re-registered under the Companies Act
1980 with the same name as that with which it was registered immediately before re-
registration save for the substitution as, or inclusion as, the last part of the name of the words
"public limited company" or their equivalents in Welsh, references to the name of the company
in this certificate and any accompanying documents shall be treated as references to the name
with which it is so re-registered.

In accordance with the rules, the words "public limited company" may be replaced by p.l.c.,
plc, P.L.C. or PLC.

Re-registration under the Companies Act does not constitute a new legal enﬁty but merely
subjects the company to certain additional company law rules.

Fhnetrtay G@Mﬁ%_
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J 7Y
Dated 12 March 2004 bt
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DIAGNOSTIC METHOD FOR TRANSMISSIBLE SPONGIFORM
ENCEPHALOPATHIES

BACKGROUND OF THE INVENTION

Field of the invention

This invention relates to a method for obtaining information that may have utility in
~ providing an indication of the presence of a transmissible spong1f’orrn encephalopathy
L0 (TSE)orthe pOSSlblllty or progress thereof. '

- Description of the related art

Transmissible spongiform encephalopathies (TSEs) are neurodegenerative diseases of
15 the central nervous system. They can be transmitied, inherited or occur sporadically
and are observed in animals, e.g. as bovine spongiform encephalopathy (BSE) in
cattle or scrapie in sheep, as well as in humans as Creutzfeldt-Jakob disease (CID),
Gerstman Striussler Scheinker syndrome, Fatal Familial Insornnia or Kuru.  They
have a long incubation period, leading to ataxia, dementia, psychiatric disturbances
20  and death. Neuropathologicé.l changes include vacuoclar degeneration of brain tissue,

astrogliosis and amyloid plaque formation. The dlsea.ses are difficult to diagnose pre-

mortem.

The cerebrospinal fluid (CSF) of CJD patients displays two additional polypeptides
25 (known as 14-3-3 polypep‘udes) by two-dimensional polyacrylamide gel
‘ electmphnre‘m [Harrington, M.G. New England Journal of Medlcme 315, 279
" (1986), Hsich, G., Kenn..y, K., Gibbs, C. J., Lee, KH, & Harnngton, M. B. New’
England Journal of Mecdicine 335, 924 (1996)] The function of these 14-3-3
polypeptides remains unclear in TSE. They can be used in a pre-mortem test for CJD

30  diagnostic evaluation, but have low specificity,

[0063929:19:Mar=03
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Monoclonal antibodies to the abnormal form of prion protein (which is associated R
with CJD) are available and can be used in an enzyme-linked immunoassay, as
described in PCT Specifications WO 98/23962 and 98/32710 and Schmerr, M.J., the
- Beckman Coulter Pace Setter Newsletter 3(2), 1-4 (June 1999), but these procedures. -~
5  have not yet been fully - developed. |

PCT/EP 01/02894 relates to a diagnostic assay for TSEs in which the concentration of -
heart orlbrain fatty acid binding protein (H-FABP or B-FABP) is determined in a
sample of body fluid.

10 S

PCT/EP 02/2?7? ) describes a method for aiding TSE diagnosis, which compﬁses
dctm‘miﬁing a test amount of a polypeptide marker, which is differentially present in
siunplcs of TSE -subjcct and a subject who docs not have TSE. The marker méy be
determuned in body fluids using mass spectrometry, and preferably laser dcso'rption

15 mass spectrometry

US-A-6225047 describes the use of retentate chromatography to generate difference
maps, and in particular a method of identifying analytes that are differentially present
between two samples. One specific method described therein is laser desorption mass

20 spectroinetry-

WO 01/25791 describes a method for aiding a prostate cancer diagnosis, which
comprises determining a test amount of a polypeptide marker, which is differentially
present in samples of a prostate cancer patient and a subject who does not have

25  prostate cancer. The marker may be determined using mass spectrometry, and

p;eferably laser desorption mass spectrometry.

Development of new non-invasive TSE markers for body fluids or other body tissues

(in particular, CJD and BSLE markers in blood) and new methods of determining the
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markers would help clinicians to establish early diagnosis. This problem has now

been solved by the present invention.
SUMMARY OF THE INVENTION

‘The present invention provides a method of diagnosis of a transmissible spongiform
encephalopathy (TSE) or the possibility thereof in a subject suspected of suffering
from the TSE, which comprises §ubjcc’;i1ig a sa.anlc of body fluid taken from the
subject to mass spectrometry, thereby to determine a test amount of a polypeptide in
10 the sample, wherein the polypeptide is differentially contained in ‘the body fluid of
TSE—infe;:ted subjects and non-TSE-infected subjects, and has a fno]ecular weivght in
the range of from 1000 to 100000; and determining whether the test amount is

consistent with a diagnosis of TSE.

15 The {invention also provideé use of a polypeptide which is differentially contained in a
body ﬂui_d of TSE-infected subjects and non-infected subjects, the polypeptide having
~ a molecular weight in the range of from 1000 to 100000 and being determinable by
mass spectrometry, for diagnostic, prognostic and ﬂmpeuﬁc applications.

20 In embodiments of the invention, the molecular weight may, for example, be from -

1000 to less than 3500, from 3500 to 30000, or from abave 30000 to 100300.

The invention further relates to the use of a marker of molecular weight about 13350,
reported in our application (B-A-2379737, in a method of diagnosis of a

25 transmissible spongiform encephalopathy (TSE) or the possibility thereof in a_subjeét
~ suspected of suffering from TSE. That marker is believed to be cysiatin C (Swiss-Prot
Accession NO: P01034, active protein of 120 AA, theoretical pl of 8.75) also called
Neuroendoerine basic polypeptide, Gamma Trace or Post pamma globulin. This
secreted active inhibitor of cysteine proteinases belongs to a super-family of protcins

30 that includes 3 groups on the basis of similar sequence and structural propertics. This
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protein is highly expressed in the epididymis, vas deferens. brein, thymus, and ovary
and at & lower level in the submandibular gland. Cystatin C has been confirmed by
immuneblotting to be differentially expressed in the CSF of CJD affected patients. It
is derived from a precursor having the sequence (SEQ ID No: 1): -

5
mapplrapl] leilavala vspaagsspg kpprivggpm dasveeegvr raldfavgey 60
nkaéndmyhs ralgvvrark givagvnyfl dvelgrttet ktgpnldnep ihdqphlk.l;k | 1A20
10 | afcsfgiyav pwqgtmtlsk'sthda 146
and .has the sequence (SEQ ID No: 2) sei out below:
1s 8s pgkpprlv gepmdasvee egvrraldfa vgeynkﬂsnd myhsralgvy rarkqivagy 60

nyfdvelgr ttetktqpul dnepfhdgph lkrkafesfq iyavpwqgtm tlsksteqgda 120

A mulant form of cystatin C (Leu to Glu substitution in 68) has been described as

20 being implicated in a hereditary form of cerebral hemorrhage characterized by a
thickening of the cerebral artery 'walfs, with deposition of material with the
characteristics of amyloid. There are also some genotypes (BB: Ala to Thr
substitution) associated with increased risk of late onset of Alzheimer c_{isense.

25  The invention t:henef‘ore provides a method of diagnosis of a transmissible spongiform
encephalopathy (TSE) or the possibility thereof in a subjcct suspected of suffermg .
from the TSE, which comprises subjecting a sampl;a of body fluid taken ﬁom_ the
subject to massr specirometry, thereby 1o determine a test amount of a polypeptide in
the sample, wherein the polypeptide is differentially contained in the body fluid of

Bb TSE-infected subjects and non-TSE;infcctcd subjects, and is cystatin C; and
determining whether the test amount is consistent with a diagnosis of TSE. The body

fluid is preferably cerebrospinal fluid but may be whole blood, plasma, serum, urine
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or a lissue in which prion proteins tend to accumulate e.g. the tonsil and other tissues

of the lympho-reticular system such as the lymph’ nodes.

The invention fu;the; provi_dcs the use of a level of cystatin C xﬁeasurablc or
detcc%able in a sample of body tissue by mass spéctroscopy and differentially
contained in the body tissue of TSE-infected subjects and non-TSE-infected subjects
as a marker for providing an indication ot'é transmissible épongi form encephalopalthy

(TSE) or the possibility or progress thereof in a subject liable to suffer from the TSE.

Tn furher experiments (he inventors have identified and validated various
haemoglobin isoforms as being the main protein ab]e‘ to discriminate betwcen BSE+
and BSE- affected cattle using lascr dcsprptionfioniza_tion mass spectrometry. In
SELDI mass spcetroscopy peaks or clusters at about 30,000, 15000 Da, 7500 Da may.
be indicative of haemoglobin, and these may correspond to a substantially intact
haemoglobin molecule with a multiple electrical charge, or it may bc aAhacmaglobin
chain or a truncated version or fragment thereof having an immunological reaction to
antibodies specific for bovine hacmdglobin. The prcséncc or absence of haemegiobin
peaks or clusters in a SELDI spectrum therefore provides a means for ante-mortem

diagnosis for BSE in cattle ¢.g. by tests carried out on plasma or other body uids.

In a further aspect, therefore, the invention provides a method of diagnosis of a
transmissible spongiform encepha.lopafhy (I'SE) or the possibility thercof in a bovine
subject suspected of suffering from the 1'SE, which comprises subjecting a sample of
body fluid taken from the subject to mass spe"ctrc;métty, thereby to deiermine a test
amount of a pqupeptiﬂe in the sample, wherein the polypeptide is diffcrentially
comtained in the body fluid of TSE-infected bovine subjects and non-TSE-infected
subjects, and is a haemoglobin, a haemoglobin chain or a truncated chain or a
[ragment thereol (hercof having an immunological reaction to m1tibod{es épeciﬁc for
bovine haemoglobin; and determining whether the test amount is consistent vﬁth a

diagnosis of TSE.

i@008r042
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As used herein the expression “bovine” shall include cattle generally, sheep (scrapie)

and also deer and elk (chronic wasting disease).

The invention further provides the use of a level of a haemoglobin, a haemoglobin
chain or a truncated chain or a fragment ‘thereof thereof h&ﬁhg an immunological
reaction to antibodies specific for bovine haemoglobin, said level being measurable
or detectable in a sample of body tissue by mass spectroscopy and said a
haemoglobin, a haemoglobin chain or a truncated chain or a fragment thereof which
exhibits an immunological reaction to an antibody to bovine haemoglobin being

differentiallyﬂ contained in the body tissue of bovine TSE-inlected subjects and non-
bovine non-TSE-infected subjects as a marker for providing an indication of a
transmissible spongiform encephalopathy (TSL) or the possibility or progress thereof
in a bovine subject liable to suffer from the TSE.

The above test will be of valie when applied to an animal or herd of animals either
on a single occasion or at intervals, and animals that have been found pot to be .
suffering from an actual or latent transmissible spongiform encephalopathy will self-
evidently be of enhanced value. Such animals and the method of testing them arc aiso

within the scope of the invention.

The invention further provideé assay devices or kits for usc in the diagnosis of a TSE
comprising a solid substrate having attached thereto an antibody that is specific for
any of the following:

" (i) a polypeptide that is d1fferenhal]y contained m the body fluid of TSE-
mfected subjects and non-TSE-infected subjects, and has a molecular weight in the
range of from 1000 to 100000;

(ii) a polypeptide that is differentially contained in the bedy fluid of TSE-
infected subjects and non-TSE-infected subjects, and is Selected_ from those having a
respective molecular weight of about 1010, 1100, 1125, 1365, 3645, 4030, 3890,
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5820, 7520, 7630, 7980, 9950, 10250, 11600, 11800, 15000, 15200, 15400, 15600,
. 15900, 30000, 31000 and 31800 Da.; '
(ii1) cystatin C; -
(iv) 2 haemoglobin, a hacmoglobin chain or a truncated chain or a fragment
5 thereof which exhibits an immunological reaction to an antibody to bovine
hacmoglobin and is differentially contained in the body tissuc of bovinc TSE-infected
subjects and non-bovine non-TSE-infected subjects. The above devices or kits may
further comprise necessary preparative reagents, washing reagents, detection rcagents
and signal producing reagents. '
106
The invention also furither provides an assay device for use in the diagnosis of TSE
which comprises any of _ | 7
a plate having a location containing a material which recognizes, binds to or
has affinity for a polypeptide which is differentially contained in a body. fluid of TSE-
15 infected subjects and non-infected subjects, the polypeptide having a molecular
weight in the range of from 1000 to 100000 and being determinable by mass
spectrometry; |
a plale having a location containing an antibody that is specific for Cyslatin C;
a plate having a location containing an antibody that is specific for Cystatin C
20  and useful in the diagnosis of variani CJD;

a plate having a location containing an aniibody that is specific for Cystatin C
and useful in the diagnosis of sporadic CJD. The above devices may also be provided
in assoclation with necessary preparative reagents, washing reagents, detection
reagents and signal producing reagents.

25 ’
The invention further provides a kit for use in diagnosis of TSE. comprising a probe
or & protein chip array for receiving a sample of body fluid, and for placement in a
mass spectrometer, thereby to determine a lest amount of a polypcﬁtidc in the sample,
wherein the polypeptide is differentially contained in the body fluid of TSE-infected
30 subjects and non-TSE-infected subjects, and has a molecular weight in the range of

from 1000 to 100000.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A to 1F arc spectral views of plasma from normal and BSE-infected samples
using laser desorption/ionization mass spectrometry, highlighting protein peaks at
5 about 1010, 1100, 1125, 1365, 3645. 4030, 3890, 5820, 7520, 7630, 7980, 9950,
10250, 11600, 11800, 15000, 15200, 15400, 15600, 15900, 30000, 31()0_0 and 31800

Da in plasma samples;

Figures 2A and 2B show human cystatine C immunodetection in CSF and plasma

10  samples;
- Fig. 3 shows bovine haemoglobin detection in plasma samples;

Fig. 4 shows & BSE plasma sample on a two-dimensional gel and on a two-
15  dimensional PVDF membrane; ‘

"Fig 5 shows spectra of human and bovine haemaglobin  using laser

desorption/ionization mass spectrometry; and

20 Fig. 6A-6C show spectra from plasma from normal bovine and BSE-infected samples

using laser desorption/ionization mass spectrometry.
DESCRIPTION OF PREFERRED EMBODIMENTS

25 The invention provides a method of diagnosis of a transmissible spongiform
encephalopathy (TSE) or the possibility thercof in a subject suspccted'of suffering
from the TSE. A sample of body fluid taken from the subject is subjected to mass
spectrometry, to determine the presence or absence in the sample of a polypeptide
marker, which is differentially contained in the body fluid of TSE-infected subjects

30 and noh—inf‘ected subjects. The p’olypept‘idc marker has a molecular weight i_nJT.hc
range of from 1000 to 100000, preferably from 1000 to 35000, and the prcsencé,
absence, under-expression or over-expression of the marker is indicative of TSE.
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The method is applicable to all types of TSE, and to any human or 2nimal suffering or
suspected of suffering therefrom. The method is especially applicable to the diagnosis
of CJD, especially new variant CID, in human patients, and to BSE in ruminant

animals such as cattle, and to BSE-like diseases in other animals, such as scrapie in

5  sheep.

The term polypeptide includes proteins and protein fragments, as well as peptides
modified by the addition of non-peptide residues, e.g. carbohydrates, phosphates,
sulfates or any other post-translational medification. .

10
The sample may be adsorbed on a probc under conditions which allow binding
between the pdlypcptidc and adsorbent material on the probe or the protein chip array.
The adsorbent material preferably comprises a metal chelating group complexed with
a metal ion, and a preferred metal is copper. Prior to detecting the polypeptide,

15 vunbOund or weakly bound materials on the probe or protein chip array may be
removed with a washing solution, thereby enriching the polypeptide in the sample.
The sample is preferably adsorbed on a probe or l;rotein chip array baving an
immobilised melal alfinily captlure (IMAC) surface capable of binding the
polypeptide. The sample may be also adsorbed on a probe having hydrophobic, strong

20 anionic or weak cationic exchange surfaces under conditions which allow binding of
the ]Solypeptides. The probe may consist of a strip having several adsorbent wells, and
be inserted into the spectrometer, then movable therein so that each well is in tumn
struck by the ionizing means (e.g. laser) to give a spéctrometer reading. The
polypeptide is preferably determined by surface-enhanced laser desorption/ionisation

25  (SELDI) and time of flight mass spectrometry (TOF-MS).

In principle, any body fluid or tissue can be used to provide a sample fc_)rvdiagnosis, ‘ ,
but preferably the body fluid is cerebroépiﬁal fluid (CSF), plasma, serum, blood,
urine, saliva or tears. \
30 ‘ '
In one cmbodiment of the invention, the TSE is bovine spongiform encephalopathy
(BSE). In this case, the polypcptide preferably has a molecular weight of about 1010, ‘
1100, 1125, 1365, 3645, 4030, 3890, 5820, 7520, 7630, 7980, 9950, 10250, 11600,
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11800, 15000, 15200, 15400, 15600, 15900, 30000, 31000 and 31800 Da and the
presence, abscnce, over-expression or under-expression of the polypeplide is

indicative of BSE.

5  In another embodiment of the invention, the TSE is CID.
In a further embodiment of the invention, the TSE is scrapie

Measurement .of the lnolcculaf weight of the polypeptide or polypeptides is effected in

10 the mass spectrometer. All molecular weights herein are measured in Da. The
molecular weights quoted above can be measured with an accuracy of better than 1%,

_ generally 0.5 to 1%, and preferably to within about 0.1%. The term "about” in
_connection with ‘molecular waights in this specification therefore means within a
vari;ﬁon of about 1%, pfeferably 0.5%, and more preferably withip about 0.1%, above

15  or below the guoted value. .

The invention also relates to the use of a polypeptide which is dilferentially contained

in a body fluid of TSE-infected subjects and non-infocted subjects, the polypeptide
having ‘a molccular weight in the range of from 1000 to 100000 and being

20 determinsble by mass spectrometry, for diz;gnostic, 'prognosﬁc. and therapeutic
applications, This may involve the preparation and/or use of a material, which
rccognizes, binds to or has some affinity to thce above-mentioned polypeptidé.

- Examples of such materiélg are antibodies and antibody chips. The term "antibody" as
wsed- hercin includes polyclonal antiserum, monoclonal antibodies, fragments of

25  antibodics such as Fab, and genetically engineered antibodies. The antibodies may be
chimeric or of a single species. The above reference to “prognostic” applicarions
includes making a determination of the likely course of a TSE by, for example,
measuring the amount of the ﬁbové-menﬁoncd polypeptide in a sample of body fluid.

The abovc‘ reference to "therapeuﬁc" applications includes, for example, preparing

30 materials which recognize, bind 1o or have affinity to the abave-mentioned

polypeptides, and using such matcrials in therapy. The materials may in this case be
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mnodified, for example by combining an antibody with a drug, thereby to target the

drug to a specific region of the animal to be treated.

The melho&dlogy of this invention can be applied to the diag;nosis of any TSE. Body

5  fluid samples are prepared from infected and non-infected subjects. The samples arc
applied to a probe or array having a surface treated with a varicty of adsorbent média,

_ for differential retention of peptides in the sample, Optionally using washing liquids to
remove unbound or weakly bound mate-n'als-. If appropriate, energy-absorbing
material can also be applicd. The probc or array is then inserted into a mass

10  spectrometer, and readings arc taken for the various sample/adsorbent combinations
using a variety of spectrometer settings. Comparison of the infected and non-infected
samples under a given set of conditions reveals one or more polypeplides, which are
differentially expressed in the infected and non-infected samples; The presence or
absence of these polypeptides can then be used in the testing of a fluid sample from a

15  subjcet under the samc conditions (adsorbent, specetrometer scttings etc.) to determine

whether or not the subject is infected.

References herein to "presence or absence" of a polypeptide should be understood to
mean simply that there is a significant differcnce in the amount of a polypeptide which
20  is detected in tiu: infected and non-infected sample.” Thus, the "absence" of a
polypeptide in a test sample may include the possibilit}; that the polypeptide is actually
present, but in a significantly lower amount than in a comparaiive test samﬁle.
According to the invention, a diagnosis can be made on the basis of the presence or
absence of a polypeptide, and this includes the presence of a bolypcptide in a
25  significantly lower or significantly higher amount with reference to & comparative test

samplc.
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The following Examples 1llustrate the invention.

EXAMFLE 1

5 Polypeptides in body fluids (cerchrospinat fluid, plasma and others) of BSE
affected eattle ' ‘

The objective of the present study was to detect specific polypeptides in body fluids
rebrogpinal fluid, plasma and others) of BSE affected cattle, Samples werc
10 analysed by the Surface Enhanced Laser Desorption Jonization (SELDI) Mass
Spectroscopy (MS) technology. This technology encompasses micro-scale affinity
capture of proteins by using different types of retentate chromatography and then

analysis by time of flight mass spectrometry. Different maps are thus generated each

(ce
AN

corresponding 10 a typical protein profiling of given samples that were analyscd with a
15  Ciphergen Biosystem PBS II mass spectrometer (Freemont, CA, USA). Differential
expressed peaks were identified when comparing spectra sencrated in a group of
plasma samples from BSC-affected cattle with-a group of healthy cattle using protein.

chip arrays.

20 The SELDI analysis was performed using 2ul of crudc bovine plasma samples in
order to deteet specific polypeptides with metal affinity. An immobilized copper
affinity array (IMAC-Cu*") was employed in this approach to capture proteins with
affinity for copper to select for a specific subset of proteins from the saroples. Tt wall
be appreciated that other protein chip arrays and immobilized metal chip arrays may

25  be substituted for the IMAC-Cu' affinity array. Captured proteins were directly
detected using the PBSII Protein Chip Array reader (Ciphefgeﬂ Biosystems, Freemont,
CA, USA). '

The following protocol was used for the processing and analysis of ProteinChip arrays
30 using Chromatographic TED-Cu(ll) adsorbent amay. TED is a
' (tris(carboxymethyl)ethylenediamine-Cu) adsorbent coated on a silicon oxide-coated

stainless steel subsirate.

{0053
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e« The surface was first loaded with 10 ul of 100 mM coﬁpcr sulfate to each spot
* and incubated for 15 minutes in a wet chamber. ‘
‘e The chip was thereafter washed by two quick rinses with dejonized water for
about 10 seconds to remove the excess unbound copper. o
s Before loading the samples, the -MAC 3 array was cquilibrated once with 5ul
of PBS NaCl 0.5 M for 5 minutes. '
s After removing the equilibration buffer, 3 pl of the same buffer were added

plasma. The chip was incubated for 20 minutes in a

bafore applving 2 ul of plasm T A
wet charnber.

s The samples were thereafter removed and the saefacc was washed three times
with the equilibration buffer (5 minutes each).

« Two quick final rinscs with watcr were performed.

e The surface was allowed to air dry. followad by the addition of 0.5. ul of
saturatcd sinapinic acid (SPA, Ciphergen Biosystem) prepared in 50%
acetoniirile, 0.5% trifluoroacetic acid.

= The chip was air dried again before analysis of the retsined protein on each
spot with lascr desorption/ionization time-of-flight mass spectrometry.

s The protein chip array was inserted into the instrument-and analysed once the
appropriate detector sensitivity and laser cnergy have been established to
autbmate the data collection. '

s The obtained spectra were analysed with the Biomark Wizard sofiware
(Ciphergen Biosystems, Freemont, CA, USA) running on & Dell Dimension

' 4100 PC. Tt generates consistent peak sets across multiple spectra.

Figures 1A-1F show the results of a comparative study, which has been undertaken
between plasma from BSE diagnosed cattle and normal plasma, using the TMAC3
protein chip array prepared as described above. In this study, we found that 23 peaks

" were significantly differentially expressed in plasma from BSE affected cattle. 'Their

molecular weights are respeclively about 1010, 1100, 1125, 1365, 3645, 4030, 3890,
5820, 7520, 7630, 7980, 9950, 10250, 11600, 11800, 15000, 15200, 15400, 15600,
15900, 30000, 31000 and 31800 Da (mass accuracy is around 0.1%). Figure 1 shows
two spectral views, respectively of the normal and BSE samples, from 0 to 100,000

-Du. More specifically, as indicaled by the vertical acrows, Figure 1A shows the peaks
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at about 1010, 1100, 1125 and 1365. Figure 1B shows the peaks at about 3643 and
4030. Figure 1C shows the peaks at about 3890, 5820, 7520, 7630 and 7980. Figure
. 1D shows the peaks at about 9950, 10250, 11600 and 11800. Figure 1E shows the
peaks at about 15000, 15200, 15400, 15600 and 15900. Figurc 1F shows the peaks at

5 about 30000, 31000 and 31800.

Spectra P1 to P20 (Figures 1A-1B) correspond to a batch of samples from UK, and

spectra 1 to 20 (Figures 1C-1F) correspond to a batch of samples from US. The status

of the cattle providing the samples is indicated below in Tables 1 and 2, where
10 negalive means not affected by BSE and positive means BSE affected cattle.

Table 1
# Type  Status
P1 Plasma = Negative
P2 Plasma Negative
P3 . Plasma Positive
P4 Plasma Negative
P5 Plasma Pasitive
P& Plasma Pasitive
P7 Plasma Negative
P8 -~ Plasma Negative
P8 " Plasma Positive
" P1D Plasma Negativa
P11 Plasma Positive
P12 Plasma Positive
P13 Plasma Positive
P14 Plasma Positive
P15 Plasma Negative
P16 Plasma Negative
P17 Plasma Negative
Pi8 Plasma Positive
P19 Plasma Positive
P20 Plasma Negative
_Table2
# Type ~_Status
1 Plasma Positive
2 Plasma Paositive
3 Plasma Pasitive
4 Plasma Positive
5 Plasma Paositive
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6 . Plasma Positive
7 Plasma Positive
8 Plasma Positive
9 Plasma Positive
10 Plasma Positive
< 11 Plasma Positive
12 Plasma Negative
13 . Plasma Negative
14 Plasma = Negative
19 Plasma Negative
168 Plasma . Negativa
17 Plasma Negative
18 Plasma Negative
19 Plasma Negative
20 Plasma Negative

These data demonstrate that the peaks of about 1010, 1100, 1125, 1365, 3645, 4030,
3890, 5820, 7520. 7630, 7980, 9950, 10250. 11600, 11800, 15000, 15200, 15400,
5 15600, 15900, 30000, 31000 and 31800 Da can be used to diagnose BSE in plasma

samples.
EXAMPLE 2
10 Identification and up-regulation of cystatin C in CSFs of CID affected patients

CS8T -samples (100ul) obtained from the CJD surveillance unit (sporadic or definite
variant of CID, as well as Not Case) were investigated using SELDI protein Chip
Array techoology. WCX2 (a weak cation cxchange array with carbohydrate
15 -funcﬁbnality), SAX2 (a strong anion exchange array with gquaternary amine
functionality) and IMAC3 (an immobilized metal affinity capture array with
nitrotriacetic acid) surfaces were used in order to igvestigate differential specific
binding of the proteins in the sampies obtained. Various compsrisons were performed
between firstly samples from definite and sporadic cascs (CJD samples) versus
20  comresponding controls (Not Case) in order to discﬁmiﬁate between samples from
patients with CIiD symptoins and samples from paticnis with similar symptoms which
were not CJD (Not Case = Control). The whole groups of samples from CJD-
diagnosed patients compared with controls from the institute and the inventors’ 14.3.3
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samples were analysed without any distinction in the diagnosed sub-population.
Comparison of these samples did not allow sporadic and/or variant CJ1) samples to be

distinguished from their corresponding controls (Not Case).

5  The inventors therefore confirmed the presence of a dementia marker of molecular
weight aboul 13365-13370 (+ 0.5%), which in addition to metal affinity also

demonstrates cationic properties.

The 13365-13370 marker was purified by fractionating the Not Case CSF samples

10 using anionic exchange chromatography. Spin Sax columns designed for such
fractionation separate proleins accofding to their net charge and were used to elute
proteins stepwisc with decreasing pl using buffers with increasing salt concentration

and decreasing pl. The protein profiles obtained using both IMAC3 and SAX chips

were similar. Each fraction was loaded on a SDS PAGE for further identification of

15  the 13350 mw peak. A prcparative colloidal blue-stained Tris-Tricinc 1-DE gel was
run and stained with silver nitrate to permit band excision and digestion followed by

mass spectrometry identification. Identification of the squared bands excised from the

gel followed the MALDI-TOF, MALDI-TOF-TOF (Applied Biosystems: provides
parlia sequence dctcrmination using collision-induced dissociation fragment analysis})

20  or nanoLC Q-tof approaches. The 13350 peak was identificd as cystatin C.

Matrix-assisted laser desorption/ionisation-time of flight mass spectrometry (MALDI-
TOF MS) is a relatively novel technique in which a co-precipitate of an UV-light
absorbing matrix and a hiomolecule is irradiated by a nanosecond laser pulse. Most of
25  the laser energy is absorbéd by the matrix, which prevents unwanted fragmentation of
the biomolecule. The ionized biomolecules are accelerated in an elctric field and enter
the flight tube. During the flight in this tube, different molecules are scparated
according to their mass to charge ratio and reach the detector at different times. In this-
way each molecule yields a distinct signal. The method is used for detection and
30  characlerization of biomolecules, such as proteins, peptides, oligosaccharides and
oligonucleotides, with malecular masses between 400 and 350,000 Da.
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In order to validate :che identification and the up-regulation of cystatin C in CSF’s of
CJD affected patients, the inventors performed Western blot experiments using an
antibody specific for human cystatin C on 8 demented CSF samples versus 8 CSF of
CJID affected patients (3 variant and 5 sporadic CID).

Figure 2A shows the specific increased signal that the inventors obtained in the 8
CID affected patients tested in comparison to controls, showing that Cystatin

provides a cerebrospinal fluid marker of CJD.

10  The inventors also checked whether Cystatin C was increased in CJD affected plasma
samples (Figure 2B). It shows one 14.3.3-CSF sample and one CJD+ CSF as controls
of the previous experiment - one CSF of deceased patient — one Troponine + ﬁlasma
sample (AMI) - 3 plasma samples from hcalthy péticnts of the Swiss Transfusion
Center - 5 CID affected plasma samples - 3 plasmas samples of Stroke patients as

15 well as 3 CSF. It revealed that no significant differences were observed between
plasma samples irrespective of the pathology.

EXAMPLE 3

20 Plasma of BSE affected cattles: SELDI analysis.

Previous comparative studics using SELDI analysis of BSE+ and BSE- plasma
samples allowed the inventors to highlight several protein clusiers as being
diﬁ'erentia.lfy expressed. One such cluster with a mass centered aroround 15000Da
25  was selected for further analysis, being differentially over-expressed in samples from
BSE-affected  cattle. Plasma of BSE-affected cattle was jubjected to one-DE
electrophoresis and the band migrating with a mass of 15000 Da as determined using
siandard mass marker proteins was exciscd, digested with trypsin and subjected to
mass spectronmetey by MAL:DI-TOF. By this method the 15000 Da protein species in
30 the SELDI analysis were putatively identified as isoforms of bovine hacmoglobin. -
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In order to investigate and validate the hemoglobin content of these samples, the
inventors looked for antibodies that could cross react with bovine Hb. A goat
polyclonal antibody acti-human Hb that reacts weakly with equine and bovinc
hemoglobin (716, Biomeda), as well as a sheep polyclonal antibody raised against
5 native Hb from erythrocyles expected to exhibit cross-reactivity with Hb from other
specics (4870-3980, Biotrend-Anawa) were tested. Experiments were carried out
using a3 positive controis, native purified human and bovine Hb (4870-4056 and

4870-2002, Biotrcnd-Anawa).

10  Figure 3 highlights the Western blot experiments perforrned with the goat polyclonal
antibody from Biomeda. Besides the strong signal obtained with human and bovine -
hemoglobin, an increased level of a protein at the expected size in the 3 BSE+ tested
plasma samples may indeed be observed. The Western blot experiments performed
with the second antibody did not show any signal (data not shown). Silver stained

15  analylical 2-DE gel (Figure 4) and an immunodeiection experiment on 2-DE PYDF
membranes of BSE- plasma sample were performed.in order to sce if several spots
could be thus detected. Figure 4B shows 4 spots in the expected area. Two spots seem
to correspond to o chaing (15053 Da, plI 8.19) and 2 others spots seem to correspond
to B chains (15934 Da, pl 7.02). Knowing that the o chain has 4 putative

20 modifications sites consisting of N-glycosylation, Protein Kinase C Phosphorylation,
Casein Kinase 2-Phosphorylation and N-Myristoylation, as well as B chains having
similar anes with an Amidation sitc instcad of N-plycosylation onc (Scan Prosite),
these explain variations in their main molecular weight, as well as the numerous
shoulders highlighted in SELDT spectra.

25
To further confirm the identity of thc 15000 Da cluster as isoforms of bovine
haemoglobin, bovine and human purified b were analysed on Normal phase with
SELDI. Figure 5 shows‘ the whole specira obtained for both species, illustrating their .
similarity. Figures 6A and 6B point out within 4 representative spectra, how much the

30 Hb profile looks'likc those of BSE+ plasma samples on I MAC, whilst Figure 6C
highlights their difference under 7 kDa. These spectra led the inventors o conclude
that 5 our of the 13 clusters highlightcd in the earlier SELDI study of bovine plasma

correspond to haemoglobin.
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Each of the above cited publications is herein incorporaled by reference lo the extent

5 towhich it is relied on herein.
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CLATMS

1. A method of diagnosis of a transmissible spongiform encephalopathy (TSE) or

the possibility therzof in subjecl'suspecled of suffering from the TSE, which
5 comprises subjecting a sample of body fluid taken from the subject to mass

spectrometry, thereby to determine a test amount of = polypeptide in the sample,

wherein the polypeptide is differentially contained in the body fluid of TSE-infected

subjects and non-TSE-infected subjects, and has a molecular weight in the range of

from 1000 to 100000; and determining whether the test amount is consistent with a

10 diagqosis of TSE.

2. A method according to Claim 1, in which the polypeptide is present in the

body fluid of TSE-infected subjects and not present in the body fluid of non-TSE-

infected subjecis, whereby (he presence of the polypeptide in a body fluid sample is
15  indicative of TSE.

3. A method according to Claim 1, in which the polypeptide is not present in the

body fluid of TSE-infected subjects and present in the bpdy fluid of non-TSE-infected

subjects, whereby the non-presence of the polypeptide in a body fluid sample is
20 indicafive of TSE.

4. A method according to any of Claims 1 to 3, in which the mass spectrometry

is Iaser desorption/ionization mass spectrometry.

25 5. A method éccording to any of Claims 1 to 4, in which the sample is adsdrbcd
on & probe or on a protein chip array having an immobilised metal affinity capture
(IMAC)_; hydrophobic, strong anionic or weak cationic exchzmée surface capable of
binding the polypgpjlide.

30 6. A method according to any of Claims 1 to 5, in which the polypeptidc is
delermined by surface-enhanced laser desorptionfionisation (SELDI) and time of
flicht mass spectrometry (TOF-MS).
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7. A method according to any of Claims | to 6, in which the body fluid is

cerebrogpinal fluid, plasma, serum, blood, tears, urine or saliva,

8. A method according to any of Claims 1 to 7, in which a plurality of peptides is

5  determined in the sample.

9. A method according to any of Claims 1 (o 8, in which the TSE is Bovine
Spongiform Encephalopathy (BSE).

10 10. A method according to Claim 9, in which one or more polypeptides having a
respective molecular weight of about 1010, 1100, 1125, 1365, 3645, 4030, 3890,
5820. 7520, 7630, 7980, 9950, 10250, 11600, 11800, 15000, 15200, 15400, 15600,
15900, 30000, 31000 and 31800 Da is determined; and the differential expression of
one or more of such polypeptides is indicative of BSE.

15
11. A method according to any of Claims 1 to 8, in which the TSE is sporadic
Creutzfeldt-Jackob Disease (CJD) or variant Creutzfeldi-Jackob Disease (CJD).

12. A method according to any of Claims 1 to 8, in which the TSE is scrapie.

20 .- .
13. Use of a polypeptide which is differentially containcd in a body fluid of TSE-

infected subjects and non-infected subjects, the polypeptide having a molecular
weight in the range of from 1000 to 100000 and being detenminablec by mass
spectromeiry, for diagnostic, prognostic and therapeutic applications.
25
14.  Use tor diagnostic, prognostic and therapeutic applications of a material which
recognizes, binds to or has affinity for a polypeptide which is differentially contained
in a body fluid of TSE-infected subjects' and non-infected subjects, the polypeptide
having a molecular weight in the range of from 1000 to 100000 and being
30 determinable by mass spectromctry. '

-15. Use according to Claim 14, in which the material is an aniibody or antibody

chip.
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16. An assay device for use iu the diagnosis of TSE which comprises a plate

having a location ¢containing a material which recognizes, binds to or has affinity fora

polypeptide which is differentially contained in a body [luid of TSE-infectcd subjects

and non-infected subjects, the polypeptide baving a molcecular weight in the range of
5  from 1000 to 100000 and being determinable by mass spectrometry.

17. An assay device for nse in the diagnosis of TSE, which comprises a plate

having a location containing an antibody that is specific for Cystatin C.

10 18.  An assay device for use in the diagnosis of variant CJD, which comprises a
plate having a location containing an antibody that is specific for Cystatin C and
ugeful in the diagnosis of variant CJD.

19. An assay device for use in the diagnosis of sporadic CID, which comprises a
15 plate having a location containing an antibody that is specific for Cystatin C and
usefnl in the diagnosis of sporadic CJD.

20.  An assay device for use in the diagnosis of BSE, which comprises a plate
having a location containing an antibody that is specific for a hagmoplobin, a
20 haemoglobin chain or a truncated chain or a fragment thereof thereof having an
immunofogical reaction to antibodies specific for bovine haemoglobin and useful in

the diagnosis of BSE.

21.  An assay device for use in the diagnosis of a TSE comprising a solid substrate
25  having attached therete an antibody that is specific for any of the following:
(i) a polypeptide that is differentially contained in the body fluid of TSE-
infected subjects and non-TSE-infected subjectﬁ, and has a molccular weight in the
range of from 1000 to 100000;
(i) a polypeptide that is differentially contained in the body fluid of TSE-
30 infected subjects and non-TSE-infected subjects, and is selected from those having a
respcctive molccular weight of about 1010, 1100, 1125, 1365, 3643, 4030, 3890,
5820, 7520, 7630, 7980, 9950, 10250, 11600, 11800, 15000, 15200, 15400, 15600,
15200, 30000, 31000 and 31800 Da.;
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(iti) cystatin C;

(iv) a haemoglobin, a haemoglobin chain or a truncated chain or a fragment
thereol which exhibits an immunological reaction to an antibody to bovine
haemoglobin and is diffcrentially contained in the body tissue of bovine TSE-infected

5  subjects and non-bovine non-TSE-infected subjects. '

22. A kit for use in diagnosis of TSE, comprising a probe for recciving a sample of
body fluid, and for placement in a mass spectrometer, thercby to determing a test
amount of a polypeptide in the sample, whercin the polypeptide i1s differentially

10 contained in the body fluid of TSE-infected subjects and non-TSE-infected subjects,
and has a molecular weight in the range of from 1000 to 100000.

23. A kit according to Claim 22, in which the probe contains an adsorbent for
adsorplion of the polypeptide.

15
24. A kit according to Claim 22 or 23, further comprising a washing solution for

removal of unbound or weakly bound materials from the probe.

25, A method of diagnosis of a transmissible spongiform encephalopathy (TSE) or

20 the possibility thereof in a subject suspected of suffering from the TSE, which
comprises subjecting a sample of body fluid taken from the subject to mass
spectrometry, thereby to determine a test amount of a polypeptide in the sample,
wherein the polypeptide is differentially contained in the body fluid of TSC-infected
subjects and non-TSE-infected subjects, and is Cystatin C; and determining whether

25  the test amount is consistent with a diagnosis of TSE.
26. The method of claim 25, wherein the body fluid is CSF.

27. A method of diagnosis of a transmissible spongiform encephalopathy (TSE) or
30 the possibility thereof in a bovine subject suspecled of suffering from the TSE, which
comprises subjecling a sample of body fluid taken from the subject 1o mass
spectrometry, thereby to dctermine a test amount of a polypeptide in the sample,
wherein the polypeptide is differentially contained in the body fluid of TSE-infected
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bovine subjects and non-TSE~infected subjccts, and is a haemoglobin, a haemoglobin
chain or a truncated chain or a fragment thercof which exhibits an immunological
reaction to an antibody to bovine haemoglobin; and determining whether the test

.amount is consistent with a diagnosis of TSE.

28. Use of a level of at least onc polypeptide that has a molecular weight in the
range of from 1000 to 100000, is measurable or detcetable in the body tissuc by mass

spectrometry and is differentially contained in th y fluid of TRE-inf sub
and non-TSE-infected subjects as a marker for providing an indication of a
10 transmissible spongiform encephalopathy (1'SE) or the possibility or progress thereof

in a subject liable to suffer from the TSE.

29, The use of claim 28, wherein said at least one polypeptide is selected from
those having a respective molccular weight of about 1010, 1100, 1125, 1365, 3645,

15 4030, 3890, 5820, 7520, 7630, 7980, 9950, 10250, 11600, 11800, 15000, 15200,
15400, 15600, 15900, 30000, 31000 and 31800 Da.

30 The use of claim 28 or 29, in which the body fuid is cerebrospinal fluid,
plasma, serum, blood, tears, urine or saliva.

20
31. Use of a level of cystatin C measurable or detectable in a sample of body

tissue by mass spectroscopy and differentially contained in the body tissue of TSE-

infected subjects and non-TSE-infected subjects as a marker for providing an

indication of a transmissible spongiform encephalopathy (TSE) or the pdssibility or
25  progress thereof in a subject liable ta suffer from the TSE. .

32. The use of claim 31, wherein the body tissue is from a human subject.

33,  The use of claim 31 or 32, wherein the body tissue is cerebrospinal ftuid.

30
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34.  Use of a level of a haemoglobin, a haemoglobin chain or a truncated chain or
a fragment thereof which exhibits-an immunological rcaction to an antibody to bovine
haemoglobin, said level being measurable or detectable in a sample of body tissue by
mass spectroscopy and sa.id‘ a haemoglobin, a haemoglobin chain or a truncated chain
5 or a.ﬁagment thereof which exhibits an immunological reaction to an aniibody to
bovine haemoglobin being differentially couteined in the body tissue of bovine TSE-
infected subjects and non-bovine non-TSE-infected subjects as a marker for
providing en indication of a transmissible spongiform encephalopathy (TSE) or tﬁe

possibility or progress thereof in 2 bovine subject liable to suffer from the TSE.

10
35. The use of claim 34, wherein said haemoglobin, haemoglobin chain or
truncated chain or fragment thereof has a molecular rweight determinable by mass
spectroscopy of about 15000 Da, 7500 Da or 3000 Da.

15 36. Theuse of claim 35, wherein the sample of body tissue is plasma.

37.  The use of claim 35 or 36, wherein the sample of body tissue is from a living

animal.

20 38 A bovine animal, or herd of said animals, that has or have been subjected to a
test us defined in claim 34, 35, 36 or 37 and found to bc free of a transmissible

spongiform encephalopathy (TSE).
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ABSTRACT

D | |
- IAGNOSTIC METHOD FOR TRANSMISSIBLE SPONGIFORM
ENCEPHALOPATHIES

Transmissible spongiform encephalopathy (TSE) is diagnosed in a subject l;y using
mass spectrometry to observe a polypeptide in a sample of body fluid tuken from the
subjcct. The polypeptide is differentially contained in the body fluid of TSE-infected
subjects and non-infected subjects, and has a molecular weight in the range of from
1000 to 100000.

@029/042
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